OSA is a condition characterised by episodes of complete or partial obstruction of the upper airway, associated with blood-gas changes and atypical sleep patterns. Early diagnosis of OSA may reduce the occurrence of systemic complications over time, although the diagnosis of OSA is, unfortunately, often late. The aim of the work is to review the current concepts in evaluation of paediatric obstructive sleep apnoea (OSA), with an updated revision of the literature considering risk factors, clinical manifestations, and basic and advanced assessment in the paediatric population. For this narrative review, PubMed, Embase and Cinahl databases were searched for the last 10 years, according to PRISMA criteria/guidelines. Assessment of paediatric OSA remains challenging and paediatric patients should always be carefully evaluated; polysomnography is the gold standard for diagnosis of paediatric OSA.
Introduction
Obstructive sleep apnoea (OSA) is a condition characterised by episodes of complete or partial obstruction of the upper airway, associated with blood-gas changes and atypical sleep patterns; when present in children and if inadequately diagnosed/treated, it can be associated with behavioural problems, learning difficulties, cardiovascular complications and growth retardation [1] [2] [3] . Early diagnosis of the condition may reduce the occurrence of systemic complications over time, although the diagnosis of OSA is, unfortunately, often late 4 . During sleep, in the child, there is a moderate physiological increase in the upper airways resistance 5 . Children snore more rarely than adults, and any obstructive apnoeic episode must be considered pathological 6 . Sleep breathing disorders (SBD) include, in increasing order of severity: (i) simple snoring, (ii) syndrome of increased respiratory resistance (Upper Airways Resistance Syndrome -UARS), (iii) obstructive hypoventilation, and (iv) OSA. OSA is the most severe sleep respiratory disorder. Simple snoring (i) is characterised by vibratory noises of the soft palate during the inspiratory phase: it is described as an expression of partial obstruction of the upper digestive airway and is often associated with OSA or UARS. Until 6 years, simple snoring is present in 10% of children, under 10 years in 27% and in 47% during upper airway inflammation. Main causes of simple snoring are adeno-tonsillar hypertrophy, obesity, nasal respiratory obstructions and upper respiratory tract infections. Apart from snoring, forced oral breathing, mouth and dry lips, difficulty swallowing, halitosis and dyslalia can be present during the day. UARS (ii) was first described in 1992 by Guilleminault 7 , who observed that some children showed an increase respiratory muscle effort during sleep due to excessive resistance of the upper airway and increased negative endo-oesophageal pressure. The respiratory efforts are associated with arousal and fragmentation of sleep. Reported clinical consequences are poor weight development, reduced scholastic performance, daytime irritability and poor development in height due to reduction of growth hormone (GH) secretion, which occurs during sleep. The diagnosis of UARS can be suspected clinically, and confirmed by polysomnography (PSG). Obstructive hypoventilation (iii) is defined as prolonged hypoventilation associated with hypoxia and hypercapnia, without complete cyclic airway obstruction 5 . In the child, there is a different pattern of recruitment of dilator muscles, characterised by greater muscular activation that is able to prevent complete collapse of the airways 8 . Another great difference between prolonged hypoventilations and true obstructive apnoea is the reduced disorder of sleep structure; in the child affected by obstructive hypoventilation, awakenings occur more rarely. OSA (iv) in the paediatric population is characterised by a prolonged and partial obstruction of the upper airway, typical of obstructive hypoventilation, interrupted by total obstruction with hypoxaemia. In the paediatric population, any respiratory pause is considered apnoea, regardless of the duration (OSA = apnoea / hypopnea index (AHI) equal or more than 1). Correct diagnosis of SBD is often complex, also due to the lack of differential diagnostic instrumental criteria among the various entities of infantile SBD. The incomplete instrumental codification associated with the poor correlation between severity of paediatric OSA and daytime symptomatology often leads to underestimation and late diagnosis of SBD in children. The aim of this paper is to review the current concepts in evaluation of paediatric OSA, offering an updated revision of the literature data considering risk factors, clinical manifestations, and basic and advanced assessment in the paediatric population.
Methods
The PubMed, Embase and Cinahl databases were searched for the last 10 years (from January 2008 up to December 2017). Full-text articles were obtained in cases where the title, abstract, or key words suggested that the study may be eligible for this review. The medical subject heading (MeSH) terms included: paediatric obstructive sleep apnoea; upper airways resistance syndrome in children; ob-structive hypoventilation in children, polysomnography, sleep apnoea, sleep-disordered breathing, sleep-related breathing disorders. The search was conducted according to PRISMA criteria/guidelines (http://www.prisma-statement.org/): it was carried out independently and restricted to papers in English (Table I) . Initially the total number of papers identified was 125; other papers (n = 34) were also identified from references in the published literature when all authors agreed about the reliability and importance of these manuscripts, for a total of 159 papers. Inclusion criteria were clinical series and review papers. Exclusion criteria were non-availability of full text; manuscripts not in the English language; case reports. Therefore, the authors critically evaluated the 159 papers selected, by reading abstracts and/or texts, to decide whether the identified papers were relevant to this search or not. In this case, inclusion criteria were for clinical series, papers with an adequate group of patients studied (n > 20); for reviews, papers published on relevant journals and papers showing a rigorous methods and rigorous reporting. Finally, 48 papers resulted appropriate for this review according to all authors.
OSA risk factors in children
Snoring is reported to occur in 3-15% of paediatric population, especially between 3 and 6 years (13-35%). OSA has a reported frequency of 1-5% of the paediatric population, with a peak incidence between 2 and 6 years of age (2.5 years in males and 4 years in females), without a significant prevalence of sex [9] [10] [11] . In Italy, Brunetti et al. reported a prevalence of 4.9% for habitual snoring and 1.8% for OSA over 1200 children 12 . The main risk factors reported for OSA are: • Adenotonsillar hypertrophy. It is the most frequent condition associated with paediatric OSA. There is a significant correlation between tonsillar volume and SBD severity 13 . The classification of tonsil volume, according to the Brodsky scale, is based on the percentage of the oropharynx volume occupied by tonsils. Nevertheless, not all children with "kissing-tonsils" are affected, and the concept of 'airway collapsibility' has been proposed. Airway collapsibility can be evaluated by the critical closing pressure (Pcrit). Marcus et al. 14 , demonstrated an increase in Pcrit in children with OSA compared to those with simple snoring; in other words, children with OSA have the most collapsible upper airway. On the other hand, isolated adenoid hypertrophy is not sufficient to determine OSA, even if may worsen SBD severity in children at risk. The impact of adenotonsillar hypertrophy in the genesis of OSA can be assessed by the success rate of adenotonsillectomy in OSA therapy (83% in children) 15 . • Obesity is an important risk factor for paediatric OSA and plays a predominant role in adolescence. In a prospective study, the prevalence of OSA was 4% in adolescents (aged between 16 and 19) , most of which did not show SBD or snoring in their childhood 16 . Obesity and male sex are reported to be the greatest risks for OSA in adolescents. Another study 17 on 37 obese adolescents showed a 45% incidence of OSA. It has also been reported that obesity is an independent risk factor for OSA 18 , as less than 50% of obese children undergoing adenotonsillectomy have complete resolution of their respiratory disorder during sleep 19 20 . • Inflammation. Recent studies have shown a correlation between OSA and inflammation 21 . Obesity is a condition that even in adolescents can lead to insulin resistance and hepatic steatosis 22 23 , and therefore to increased production of different pro-inflammatory mediators such as leptin, interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-α) 24 . Among children with asthma, those with obesity have a 4-fold increased risk of developing OSA, especially if they have poor pharmacological control. Improvement of OSA in patients treated with montelukast and nasal steroids has been reported 25 . • Craniofacial anomalies. These include dentofacial anomalies (i.e. ogival palate) and major cranio-facial malformations (i.e. maxillary hypoplasia, retro-micrognathia and macroglossia). Abnormal dentofacial lesions are frequently present in children with OSA (15-47%) and improvement of sleep disorders after orthodontic treatment has been reported 26 . However, there are studies showing improvement of the dental situation following adenotonsillectomy, suggesting the hypothesis that dento-facial anomalies may be a consequence of OSA, more than its cause 27 . Children with major cranio-facial malformations have frequent multilevel airway obstruction that must be carefully evaluated by fibroscopy and drug-induced sleep endoscopy (DISE). • Neuromuscular disorders are characterised by insufficient central and peripheral airflow control with an increased collapsing trend of the pharyngeal-hypopharyngeal walls, reducing its muscle tone 28 35 ; it is a useful screening tool, even if not very reliable compared with polysomnographic results 36 . Recently, the I'M SLEEPY questionnaire has been reported to be a valid screening instrument 37 , as well as the paediatric version of the Epworth Sleepiness Scale (ESS) 38 . • Clinical evaluation. ENT (Ear Nose and Throat) objective examination should rule out the presence of possible tonsillar hypertrophy, which can be classified according to the Brodsky scale, evaluating the percentage of oropharynx occupied by tonsils (considered as the distance between the two anterior pillars). Another classification is based on the evaluation of tonsil size (ranging from 0 to 4: 0 indicates tonsils removed surgically, 1 intravelic tonsils, 2 extravelic tonsils, 3 extravelic tonsils not reaching the midline and 4 tonsils reaching the midline). Another frequently used classification has been reported by Friedman (Mallampati modified); it assesses the position of the tongue within the oral cavity, measuring how it obstructs the airway (grade 1: both uvula and tonsils are entirely visible, grade 2: uvula is visible but not the tonsils, grade 3: soft palate is visible but not the uvula, grade 4: only hard palate is visible) 39 . It is also useful to observe the skeletal class (retrognathic, orthognathic or prognathic), the presence of ogival palate and the facies. BMI and weight growth curve should be carefully assessed.
Finally, it is also essential to measure arterial pressure and rule out eventual signs of pulmonary hypertension. • Endoscopic assessment. Endoscopy with flexible optic fibres allows evaluating patency of nasal cavities (i.e. hypertrophy of the inferior turbinates, presence of septal deviations or choanal atresia, adenoid hypertrophy), tongue base tropism or the possible presence of laryngomalacia. In selected patients, DISE can be indicated. In children, DISE assesses the residual OSA after adenotonsillectomy 40 41 . DISE methodology is similar to that of adults, evaluating the site, entity and pattern of obstruction with particular attention to the nose, nasopharynx, oropharynx, tongue base, epiglottis and larynx. Children with multi-level obstructions show more severe OSA 42 43 , as in adults. In a study on 82 children with moderate to severe OSA, lateral and/ or multilevel oropharyngeal collapse was reported in most cases 44 . However, the role of DISE in the paediatric population is still controversial 45 . • Polysomnography (PSG). Presently, PSG represents the gold standard to diagnose OSA in children. The aim of PSG is to: (i) diagnose, differentiate and quantify obstructive apnoeas, mixed apnoeas, central apnoeas; (ii) identify and classify hypopneas and high-resistance syndromes; (iii) evaluate sleep fragmentation. PSG is an expensive exam; it requires specialised equipment and personnel, is time-consuming and often has long waiting lists. PSG can only be performed in a few centres, such as a sleep laboratory in a hospital setting, which allows continuous monitoring 46 . PSG should cover at least two complete nocturnal sleep cycles, without premedication or sleep deprivation, preferably at a distance from any steroid treatment. PSG recordings in children can be longer than adults, due to their sleep times: 11 to 12 hours for small and pre-school children, 9 to 10 hours for school-age children. It is useful to extend the study time in the mornings to record REM sleep (when apnoea is usually worse) 47 . Apnoea is defined as the reduction of airflow of more than 90% for at least two respiratory cycles; it is considered obstructive if during the whole period the inspiratory effort is continued or increased, it is central if the inspiratory effort is absent, and is mixed if there is a respiratory effort present only during part of the event, especially at the end. Hypopnea is defined as reduction of airflow ≥ 30% for at least two respiratory cycles; reduction of the air flow is associated with an arousal or a desaturation > 3%. In children, the detection of a single apnoea episode or hypopneas per hour is considered pathological. Three degrees of OSA severity are identified according to the AHI: mild AHI 1-4, moderate AHI 5-9, severe AHI ≥ 10. The present polysomnographic classification also allows to identify children: 1) at risk of sequelae; 2) at risk of postoperative complications, which require strict clinical and instrumental follow-up; 3) at high risk of OSA even after adenotonsillectomy, requiring further investigations and treatments. • Nocturnal pulse oximetry. Nocturnal pulse oximetry is a valid initial diagnostic test for SBD and OSA for different reasons: its high positive predictive value (97%), its easy applicability and low cost. Therefore, it represents a good screening tool 7 8 . A positive examination (3 or more desaturation clusters and at least 3 desaturations below 90%) is considered exhaustive for OSA diagnosis. According to Brouilette criteria, desaturation is defined as a decrease in SaO2 ≥ 4% and the cluster is characterised by at least 5 desaturations that occur in a period of 10-30 min. A useful OSA severity scale is that proposed by the Canadian Brouilette group using the McGill Oximetry Score: • Category 1, "non-conclusive examination", no desaturation, or desaturation not meeting the subsequent criteria; • Category 2, mild OSAS: at least 3 "clusters" of desaturation < 90%; • Category 3, moderate OSAS: at least 3 "clusters" of desaturation < 85%;
• Category 4, severe OSAS: at least 3 "clusters" of desaturation < 80%. The diagnostic categories 2, 3 and 4 identify, respectively, three increasing classes of priority indication for adenotonsillectomy, and three increasing categories of patients at high risk of developing peri-operative complications 48 49 . • Watch Peripheral Arterial Tonometry (Watch-PAT).
The AAP recommends performing alternative tests in uncomplicated cases of OSA when PSG is not available. Watch-PAT is a portable wrist-worn OSA diagnostic device that incorporates actigraphy to differentiate between wake and sleep stages and a PAT signal probe, which measures the arterial volume change (a signal of sympathetic activation) in a fingertip. Episodes of apnoea and hypopnea induce awakenings and activation of sympathetic nervous system with consequent peripheral vasoconstriction, which results in attenuation of the Watch-PAT signal. Watch-PAT records parameters continuously, including PAT (signal and amplitude), pulse rate, oxygen saturation, actigraphy, snoring, and body position. Watch-PAT is equipped with a main body (hardware) and two finger probes: the main body measures sleep time, processes the signal through specific algorithms, provides power and stores data. Remarkable features of PAT are its simplicity, accessibility and ability to measure sleep parameters, including AHI, respiratory disturbance index (RDI), total sleep time (TST) and sleep stages. One major drawback is the absence of a paediatric Watch-PAT probe, and adult devices cannot be always adapted to use in very small children (< 5 years). Several authors found that AHI and oxygen desaturation index (ODI) obtained from Watch-PAT can underestimate the degree of sleep apnoea compared to PSG, but for severe OSA (AHI > 10) the diagnostic accuracy is reported to be high. However, specific data on paediatric OSA are very limited. The development of a paediatric probe and algorithm is necessary to increase the validity and clinical application of Watch-PAT for its paediatric use. Future studies will help to clarify whether Watch-PAT could offer an alternative to PSG, which still remains the gold standard technique for diagnosing OSA in children 50 .
Discussion
The percentage of paediatric patients affected by OSA is often underestimated, and a high proportion of paediatric OSA patients are not receiving correct diagnosis and timely treatment. Lack of treatment of sleep-related breathing disorders places patients at risk of developing growth delay, hyperactivity, attention deficits, learning disabilities and also increases the use of healthcare services and associated costs: it has been reported that the severity of OSA directly correlates with total annual healthcare costs and is age independent 51 . OSA is a condition that needs a clear diagnostic definition in children, and differs from the adult OSA in terms of physiology, clinical manifestation, PSG features and sequelae. It is a worldwide issue to increase clinician awareness on OSA in order to reduce the rate of late diagnosis and avoid OSA-related sequelae. Notwithstanding, the fact that only PSG has been shown to be discriminatory for OSA, any physician can easily suspect OSA clinically. Noisy breathing, mouth breathing, habitual snoring, respiratory pauses, enuresis, morning headache, excessive daytime sleepiness, attention deficit, hyperactivity and learning disorder are the symptoms that should address diagnostic suspicion. Children with suspected OSA should be evaluated by a multidisciplinary team composed of paediatricians, ENT specialists, orthodontists and speech therapists. PSG is still the gold standard diagnostic tool, but the test is costly and clearly cannot be available in every hospital for assessment of the entire paediatric population that snores. It is likely that less expensive devices can be validated for diagnosis of children OSA in the future 11 . Screening tools, such as nocturnal pulse oximetry combined with clinical indicators, could be useful to select the most PSG deserving children, even if they are specific and not very sensitive. Identifying an ideal screening test, or a series of tests, is still challenging. According to the American Academy of Otolaryngology-Head and Neck Surgery Foundation (AAO-HNSF) guidelines 52 , PSG should be performed prior to tonsillectomy in children affected by SBD aged 2 to 18 years. The most common indications for PSG assessment prior to tonsillectomy are: Down's syndrome, craniofacial deformities, obesity, neuromuscular diseases, mucopolysaccharidosis, sickle cell disease, symptoms discordant with physical exam and unclear medical history 53 . When OSA is confirmed, further complementary exams can be performed to obtain comprehensive upper airway evaluation: pharyngolaryngoscopy, DISE, lateral cephalograms and maxillofacial computer tomography scans 54 . As for adults, even in children a careful perioperative assessment is recommended prior to any surgical intervention, since asymptomatic OSA may be related to risk of severe perioperative morbidity or mortality, representing a surgical and anesthesiologic issue 55 . The 2014 Guidelines by American Society of Anesthesiologists Task Force on Perioperative Management of patients with OSA apply to both adult and paediatric patients; medical history, patient/family interview, screening protocols/questionnaires and clinical examination should always be performed preoperatively. In case of suspected OSA, it may be useful to delay the intervention to obtain more detailed assessment through PSG, whenever possible. Patients affected by OSA should be prepared preoperatively, through CPAP or noninvasive positive pressure ventilation initiation (particularly in case of severe OSA), oral appliances for mandibular advancement and weight loss 55 . Management of paediatric OSA is still challenging and each task should always be carefully evaluated. Adenotonsillectomy represents the first and main step of the therapeutic program of OSA in children. Nonetheless, it is essential to provide a post-surgical follow-up to identify and evaluate subjects in which, months after adenotonsillectomy, apnoeic events re-emerge, and to investigate and evaluate other possible causes of upper airway obstruction 56 57 . Mouth breathing during sleep is very common before surgery, and can persist after surgery causing residual abnormal AHI [58] [59] [60] . Several authors have reported that pharyngeal muscle re-education, using myofunctional re-education, can play a role in reducing mouth-breathing and abnormal breathing during sleep, even after adeno-tonsillectomy 61 62 . Rehabilitative techniques, addressed by orthodontists and/or speech therapists, should include restoration of appropriate posture, appropriate tongue resting position with tongue lightly suctioned against palate, appropriate swallowing, appropriate mastication using both back molar areas (i.e., posterior chewing) and appropriate nose breathing. Such behavioural modifications can be obtained through daily re-education exercises 63 64 . Retrospective studies show that children who received adequate functional orofacial re-education can achieve long-term OSA remission compared to children treated with adenotonsillectomy and/ or rapid maxillary expansion (RME) without orofacial myofunctional training 65 . Unfortunately, myo-functional exercises are difficult to achieve for children younger than 4 years who do not have sufficient attention and cannot perform them constantly and effectively. Attempts have been described to find passive re-education approaches for these young children [63] [64] [65] [66] .
As reported by many authors, upper airway collapsibility after adenotonsillectomy should also represent a therapeutic target. Abnormal collapsibility is related to sleep stages, as different sleep status can modify pharyngeal muscle tone and reflex responses. Additionally, both intrinsic and extrinsic factors have been reported to affect the risk of collapsibility of the upper airways. For instance, fat deposits can induce narrowing of the upper airway and muscle infil-tration can reduce the activity and effectiveness of pharynx dilatation muscles; weight loss in children affected by OSA has been recommended in selected cases 2 67 . Continuous positive airway pressure (CPAP) has also been proposed for treatment of paediatric OSA, although its role is controversial especially after adeno-tonsillectomy 2 68-70 .
In adults, CPAP represents the first-choice treatment for patients affected by OSA, according to American College of Physicians 71 . In particular, CPAP is recommended for the treatment of uncomplicated moderate to severe OSA, while it remains optional in mild OSA 72 , since its use has been associated with: (i) reduction of sleep fragmentation, daytime sleepiness and cardiovascular risk, and (ii) improved neurocognitive performances and quality of life 73 . In the paediatric population, CPAP has been reported to be useful in selected cases: (i) patients not eligible for surgery, (ii) patients waiting for interventions, (iii) patients with persisting disease after surgery 74 , and (iv) patients with other diseases, such as Down's syndrome or craniofacial anomalies 75 .
As for adults, in children good compliance to CPAP is crucial to obtain optimal outcomes. Conventionally, the minimum CPAC time is considered to be greater than 4 hours per night, and acceptable CPAP compliance is estimated to be greater than 70% of nights 76 . In children, the use of CPAP has been associated with improvement in attention, somnolence, school performance and global quality of life perception 75 . Nonetheless, the reported compliance rate to CPAP in children is not very high, due to the short length of CPAP use per night and the high drop-out rate; probably, the limited use of CPAP in the paediatric population can also be related to comorbidities or syndromes associated with developmental delays 75 . As in the adult population, the management of paediatric CPAP is still a multidisciplinary issue, and it has been reported that the presence of respiratory therapists may improve the CPAP compliance 75 .
Conclusions
Any child with suspected OSA should be submitted for integrated clinical and instrumental evaluation. In particular:
• children with suspected OSA should also be managed by a multidisciplinary team composed of a paediatrician, ENT specialist, orthodontist and speech therapist 77-79 ; • initial instrumental evaluation can be performed by nocturnal pulse oximetry; • PSG is still the gold standard for OSA diagnosis in children; • data on paediatric OSA should always be evaluated carefully.
